The situation in particle physics after the discovery of the Higgs boson is discussed. Is the Standard Model consistent quantum field theory? Does it describe all experimental data? Are there any indications of physics beyond the SM? Is there another scale except for the EW and the Planck ones? Is the SM of particles physics compatible with Cosmology? New challenges of hadron physics: exotic hadrons and dense hadronic matter. Search for new physics, from the Higgs sector to dark matter, supersymmetry, extra dimensions and compositeness. What do we expect? What are the main targets? We try to answer the main questions and describe the key issues of possible new physics beyond the SM.
Introduction: The Standard Theory
With the launch of the LHC we approached the mystery land that lies beyond the TeV border line. We do not know what is hidden there and our task is to be prepared and not to miss the new expected or unexpected phenomena. The guiding line here is our knowledge of physics at lower scales, first of all of the Standard Model of fundamental interactions which for our current understanding seems to be completed. Our search for possible new physics is based on the comparison of experimental data with the SM predictions. From this point of view it is useful to look back at the SM and remind its basic features.
The Standard Model (Theory) is the gauge quantum field theory based on the following main principles:
• Three gauged symmetries SU c (3) × SU L (2) × U Y (1) corresponding to the strong, weak and electromagnetic interactions, respectively;
• Three families of quarks and leptons belonging to the representations (3 × 2, 3 × 1, 1 × 2, 1 × 1) of the gauge groups;
• The Brout-Englert-Higgs mechanism of spontaneous EW symmetry breaking accompanied with the Higgs boson;
• The CKM and PMNS mixing matrices of flavours;
• The CP violation via the phase factors in these matrices;
• Confinement of quarks and gluons inside hadrons;
• The Baryon and Lepton number conservation;
• The CPT invariance leading to the existence of antimatter.
The ST principles allow:
-Extra families of quarks and leptons -seems to be excluded experimentally already;
-Presence or absence of right-handed neutrino -still unclear;
-Majorana/Dirac nature of neutrino -the Majorana mass is slightly beyond the SM;
-Extra Higgs bosons -Already beyond but in the spirit of the SM.
The main questions to the Standard Theory (ST) can be formulated as:
Is it self consistent?
Does it describe all experimental data?
Are there any indications of physics beyond the SM?
Is there another scale except for the EW and the Planck ones?
Is it compatible with Cosmology?
There are also many "why's" and "how's":
Why's How's why SU (3) × SU (2) × U (1) ? how does confinement actually work? why 3 generations? how does the quark-hadron phase transition happen? why quark-lepton symmetry? how do neutrinos get a mass? why V-A weak interaction?
how does CP violation occur in the Universe? why L-R asymmetry?
how to protect the SM from would be heavy why B & L conservation? scale physics? etc In what follows we will try to answer the main questions and describe the key issues of possible physics beyond the SM.
2 Is the SM consistent quantum field theory?
Ghosts
For a long time the known property of the SM is that the running couplings possess the Landau ghost poles at high energies. This is true for the U (1) has a wrong sign residue that indicates the presence of unphysical ghost fields -intrinsic problem and inconsistency of a theory [1] . The one loop expression for the hyper charge coupling in the SM α 1 (Q 2 ) = α 10 1 − GeV . It is far beyond the Planck scale and one may ignore it assuming that the Planck scale quantum gravity will change the situation. However, quantum gravity is still lacking and the presence of ghosts is intrinsically dangerous independently of the scale where they appear. The situation may change in GUTs due to new heavy fields at the GUT scale. In any case, this requires modification of the ST at VERY high energies.
Anomalies
As is well known, in quantum theories there may exist anomalies that can ruin the theory. In the SM there is a set of quantum anomalies. A famous example is the triangle chiral anomaly [2] . Its contribution to the electron-neutrino scattering amplitude is shown in Fig.2 . It would destroy renormalizability if not cancelled among quarks and leptons. The other anomalies existing in the SM are shown in Fig.3 [3] . Fortunately, they are all canceled in the SM for each generation of quarks and leptons, as can be seen from expressions below.
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Thus, the cancellation of anomalies requires the quark-lepton symmetry. Probably, this is a hint towards the Grand Unified Theories.
Vacuum stability
Quantum corrections can make the vacuum unstable. Moreover, the whole construction of the SM may be in trouble being metastable or even unstable. This is related to the Higgs potential which at the tree level contains quadratic and quartic terms. The quartic coupling due to the radiative corrections depends on a scale and at some scale might change the sign, thus making the EW vacuum unstable. Indeed, it may happen at high energy scale, as shown in Fig.4 (left) [4] . The situation crucially depends on the top and Higgs mass values and requires severe fine-tuning and accuracy (see Fig.4 (right)). It seems that we are sitting just at the border line with the top quark and the Higgs boson masses specially adjusted. However, the account of the next-to-leading order corrections is essential and shifts the position towards the stability region, as can be seen in Fig.5 [5]. In the case when the EW vacuum is indeed metastable the right question to ask would be: what is the life-time of the ground state? If it is bigger than the life-time of the Universe, it is still fine for the SM. Still the situation requires some caution. The way out might be the new physics at higher scale. One example is supersymmetry: in this case the scalar potential is V SU SY = |F | 2 + |D| 2 ≥ 0 [6] . If SUSY is broken the potential can get negative corrections though the quartic scalar coupling remains to be positive. The second example is the extended Higgs sector. Several Higgs fields with several Higgs-like couplings push the smallest coupling up (might have also several minima). The third example is provided by GUTs. In a unified theory the Higgs coupling may be attracted by the gauge coupling, thus stabilizing the potential. Note that in all these cases one has an extension of the SM at high energies.
Scale stability
New physics at high energy scale may destroy the EW scale of the SM. Indeed, the masses of quarks and leptons and the masses of gauge bosons in the SM are protected versus the radiative corrections originating from heavy new physics due to the gauge invariance. However, this is not true for the Higgs mass. The Higgs sector is not protected by any symmetry. Quantum corrections to the Higgs potential from to New physics (see The way out again might be the new physics at higher scale. Two suggestions are popular. The first one is supersymmetry at TeV scale. In this case, the unwanted radiative corrections are canceled by super partners of the corresponding particles, as it is shown in Fig.7 [7] . This cancellation is true up to the SUSY breaking scale. If m SU SY ∼ 1 TeV, the light Higgs mass is protected, which suggests an approximate scale of low energy supersymmetry. If, on the contrary, m SU SY ≥ 1 TeV, one has the so-called little hierarchy problem that requires the fine tuning of the SUSY parameters [8] .
The other proposal to solve the hierarchy problem is related to the extra dimensional theories. In this case the hierarchy is achieved due to the wrap factor which appears while going from the so-called Planck brane to the physical brane (Fig.8) . In the Randall- Sundrum brane world construction [9] the gravity scale at the Planck brane and the TeV brane are related by
As a result the gravity scale at the TeV brane, M , might be small enough not to create the hierarchy problem. Whether any of these scenarios are realized in Nature is unclear.
3 Does the ST describe all experimental data?
Remarkable success of the SM in describing practically all experimental data in particle physics manifests itself in a pool of EW observables (see Fig.9 left) [10] . Almost everywhere one has agreement within 1-2 standard deviations. The only exception is the forward-backward asymmetries in LEP data, the long ignored problem usually attributed to the analysis. The same is true for the flavor observables (see Fig.9 right) [11] . One has to admit very impressive progress achieved in the last decade in the EW and QCD perturbative calculations (see e.g. [12] ). This became possible due to the development of new techniques and computer codes for multi-loop and multi-leg calculations. Today the accuracy of theoretical calculations competes with that of experimental data and further progress is on the way in both the cases. For years the pain in the neck remains an almost 3 σ discrepancy in the anomalous magnetic moment of muon, the a µ = (g − 2)/2, as illustrated in Fig.10 [13] . The attempts to fill the gap with the new physics contributions are not very successful due to the heaviness of the experimentally allowed new physics. The reason is that the new physics contributions come from the virtual particles in the loop and these diagrams are suppressed by the inverse mass squared of the intermediate particles. Though this explanation is still possible, the main hopes in resolving the a µ puzzle are related with the still inaccurate strong interaction contribution or with the new experiment which is on the way. The other discrepancy which attracted attention is the value of the CKM mixing matrix element V ub measured recently [14] . This quantity is slightly different when measured in inclusive and exclusive processes. The resolution of this puzzle presumably lies in the theoretical interpretation.
Looking at the other observables and unsolved problems one has to mention the strong CP problem which despite being known for several decades still has not found its solution. The elegant way of resolving it with the help of the axion field still lacks experimental confirmation. The existing models with the axion field allow almost invisible light particle leaving small chances for its detection [15] . Another field where the new physics might appear is the rare decays. Here, despite some hopes connected in particular with the B s → µµ decay, everything looks fine for the SM so far [16] . QCD is another huge area of activity. It also looks fine, although the spin crisis related to the spin of the proton is still unresolved. Presumably, it is related to parton distributions. Relatively new activity with the generalized parton distributions depending on momentum transfer opens a new field for the check of the SM [17] . At last, the neutrino physics attracts much attention in recent and coming years. It seems that the neutrino masses and mixings look fine so far but still need to be clarified. The nature of neutrino (Dirac or Majorana) remains the major puzzle in this field.
In this situation one may wonder why do we talk about new physics at all. Everything seems to be described by the SM. It is useful to look back in history and find an analogy of the modern situation. For this purpose, let us go back to the middle of the 20th century. This was the world of a single generation of particles. Indeed, the world around us is made of the first generation. In the middle of the 20th century we had the following set of elementary particles: proton, neutron, electron and later neutrino. The structure of an atom was described in detail (see Fig.11 considered as a heavy electron and later was recognized as the beginning of the 2nd generation. Then the K-meson appeared, the strange particle. The following up discoveries of new hadrons at accelerators triggered the invention of the quark model and everything looked OK again. Then some problems with suppression of the flavour changing transitions appeared which were resolved with the help of the GIM mechanism [18] . The subsequent discovery of J/Psi completed the 2-nd generation with the charm quark. This second generation looked artificial and unexplained; however, something was missing since the CP-violation was discovered and called for the interpretation. The KobayashiMaskawa mixing matrix gave a hint for the 3rd generation and here we are. Discoveries of the force carriers and eventually of the Higgs boson already in the 21st century completed our picture, as shown in Fig.11 (right) . Only the gravitational force with the graviton as a carrier still stands aside. Let me repeat, who expected this in the middle of the 20th century?
There were, however, unanswered questions. The challenge came from astrophysics and cosmology. Being at the earlier stage of the development they puzzled particle physics with the major problems of the baryon asymmetry of the Universe and the description of the Dark Matter known already at that time. Remarkably that these problems are still not resolved within the SM today. 
Is it compatible with Cosmology?
The revolutionary development of cosmology in recent years and the appearance of the Standard model of cosmology called the ΛCDM model [20] allow one to compare the predictions of the Standard Model of particle physics with that of cosmology where they intersect. The main issues are:
• Baryon asymmetry of the Universe. The ratio of the number of baryons minus the number of anti-baryons in the Universe to the number of photons is given by an approximate formula [21] 
This number is still not explained in the SM and may require modification of the SM in future. It requires larger CP-violation than in the strong sector of the SM giving some hints toward its lepton nature.
• Relic abundance of the Dark Matter. According to recent data from the Planck mission [22] , the energy balance of the Universe has the following shape Ordinary M atter = 4.9%, Dark M atter = 26.8%, Dark Energy = 68.3% (4) The problem of the Dark matter content is the problem of particle physics and seems to be beyond the SM. We will come to this point later.
• Number of neutrinos. The recent combined data from the Cosmic Microwave Background (CMB), the baryon acoustic oscillations (BAO), the WMAP polarization data (WP), the Hubble Space Telescope (HST) and high-l temperature power spectrum (highL) give for the number of neutrinos the value [22] N ef f (ν) = 3.52 ± 0.47 at 95% CL,
that well suits the SM with 3 generations assuming the quark-lepton symmetry.
• Masses of neutrinos. From the same CMB, WP and HST data plus the gravitational lensing one gets the bound on the neutrino masses [23] 
which is even stronger than in neutrino experiments. These extremely light neutrinos probably give us a hint towards new physics responsible for their smallness like the see-saw mechanism and the Majorana nature of the neutrino.
Hadron physics
Looking back at the SM as the highest achievement in the description of matter we find some problems that were put aside in our race for the highest energy and intensity, namely, the problem of confinement and the problem of hot dense hadronic matter.
Confinement and exotic hadrons
The understanding of confinement is the challenging problem in particle physics well inside the SM. Is it time to come back to it? We still do not understand how confinement actually works, why colorless states are the only observables, which bound states exist in Nature. Lattice calculations seem to shed some light on it: we know that in mesons quark and anti-quark pairs are linked by the gluon string which has a tension and thus provides a linearly growing potential leading to confinement. Trying to break this string one actually creates a new quark anti-quark pair thus again obtaining colorless mesons. For baryons the situation is more sophisticated, the strings form the Mercedes-Benz star with the same result as for mesons. However, it is still unclear how these strings are formed and why they are restricted to the colorless states. And even if so, what about other colorless states like the tetraquark, the pentaquark, the sextoquark, etc? Do they exist in Nature? (see Fig.13 [24] ). According to recent data, the pentaquark hadrons are Figure 13 : Possible exotic colorless hadrons and newly discovered tetraquarks at last unequivocally discovered at the LHC by the LHCb collaboration [25] . These new states require an adequate description probably within the lattice gauge theories or within the holographic approach or dual gauge theories. Or maybe we are back to analyticity and unitarity?
Dense hadron matter
Dense hadron matter might well be a new phase of matter with yet unknown properties which has no name so far. It is known that at high density (high temperature) the usual description of hadron matter is not valid. Hadrons do not exist above the Hagedorn temperature [26] . What happens with a hadron gas at high pressure? How to get the new phase? What is the relevant description? The popular phase diagram of hadron matter is shown in Fig.14 [27] . Here T is the temperature and µ B is the baryon chemical potential. Usually, it is assumed that the phase diagram contains several phases with the phase transitions and critical points. The high temperature phase is usually referred to as a deconfinement one. To check whether it is true, one uses various methods including statistical mechanics, nonequilibrium thermodynamics, hydrodynamics, and dual holographic models. There are several microscopic and macroscopic models [28] . As an example we show below (Fig.15 ) the nuclear phase diagram in different representations for different parameters [29] . It represents rich new phenomena which still have to be exploited.
Search for new physics 7.1 The Higgs boson
The Higgs boson still remains the target #1 in search for new physics. And though there is no doubt that the discovered particle is the CP-even scalar with all the properties of the Higgs boson, the main question remains: is it the SM Higgs boson or not? Are there alternatives to a single Higgs boson of the SM? The answer is positive. One may consider the singlet, doublet and triplet extensions of the SM, or their combinations [30] . The guiding principle for these extensions is the custodial symmetry. It indicates that an approximate global symmetry exists, broken by the vev to the diagonal custodial symmetry group SU (2) L × SU (2) R → SU (2) L+R . The custodial symmetry of the SM is responsible for the ratio
at the tree level. In the case of various extensions, when the Higgs field(s) transform under SU (2) L × SU (2) R as Φ → LΦR, the ρ-parameter can be constructed starting from the isospin and the hyper charge values of the Higgs multiplets [30] 
For both SU (2) singlet with Y = 0 and SU (2) doublet with Y = ±1 one has ρ = 1. Moreover, any number of singlets and doublets respect custodial symmetry at the tree level. This is not so for an arbitrary number of triplets. How can one probe that the Higgs boson is of the SM? There are two ways to do it. First of all, one has to probe the deviations from the SM Higgs couplings ( see Fig.16 [31] ).
The name of the game is precision. At the few percent level one can distinguish, for example, the two Higgs doublet model of the MSSM type from the SM [32] .
The second way is the direct search for additional scalars. In various extensions one can have extra CP-even, CP-odd and charged Higgs bosons. As an example, we present in Fig.17 the spectrum of the Higgs bosons in supersymmetric models (the MSSM -two Higgs doublet model and the NMSSM -plus additional singlet). It may well be that we have found one of the light states that may not even be the lightest one. The latter one may have very weak couplings and thus not being detectable [33] . The Higgs physics has already started. This is the task of vital importance to be fulfilled at the LHC but may require an electron-positron collider.
The Dark matter
Target # 2 is the Dark matter. We know now that the amount of the Dark matter in the Universe exceeds that of the usual matter by a factor of 5 (see eq. (4), but we do not know what it is made of. Some possible candidates are:
• Macro objects -not seen in our Galaxy Our best chance to detect the Dark matter particle would be via the weak interaction. The so-called WIMP (weakly interacting massive particle) can be simultaneously detected in three spheres: via annihilation in the halo of our Galaxy (irregularities in cosmic ray spectra), via scattering on a target in underground experiments (recoil of a nuclei) and via creation at accelerators (missing energy) (see Fig.18 (left) [34] ). This search is already on the way with a negative result so far. The typical plot is shown in Fig.18(right) [35] where the results of the direct search and the collider experiments are presented. One can see the complimentary nature of these studies with the advantage of the accelerators at low masses and the advantage of the underground experiments at higher masses of WIMPs. The latter has already almost reached the neutrino floor where the background of neutrinos will be prevailing [36] . Apparently, WIMPs are our chance though we have to look elsewhere.
Supersymmetry
Supersymmetry is an obvious target #3. Supersymmetry is a dream of a unified theory of all particles and interactions [37] . Supersymmetry remains, to this date, a well-motivated, Figure 19 : Particle content of Minimal SUSY model much anticipated extension to the Standard Model of particle physics [38] .
With the advent of the LHC a huge new ground of SUSY masses is within reach. However, a search is defined by its signature and by its background estimation method. Still, if SUSY is the answer to the naturalness problem, then there must exist light colored particles. The typical spectrum of SUSY particles consistent with the naturalness paradigm in shown in Fig.20 [39] . At the left, it is shown how the scale of SUSY searches has shifted after the first run of the LHC. Many available supersymmetric models differ mostly by the way of supersymmetry breaking. Since this problem has not found its obvious solution, one is left with the phenomenological set of parameters motivated by either the simplification of parameter space, like in the MSSM with universality requirement, or the restricted number of experimental signatures, like in the so-called simplified models.
In both the cases the experimental data on direct SUSY searches and the indirect SUSY contributions to rare decays, relic dark matter abundance, the lightest Higgs mass, etc push the limits on SUSY masses to a few TeV scale [40] ), which makes the observation more problematic. Moreover, pushing the SUSY threshold even further, we start losing the main motivation for a low energy SUSY, namely the solution of the hierarchy problem and unification of the gauge couplings. Note, however, the conclusions crucially depend on the model applied, as one may see from Fig.21 below [33] . Going from the MSSM to the NMSSM, for example, allows one to incorporate the 125 GeV Higgs mass and still keep the light super partners.
CMSSM NMSSM Figure 21 : The SYSY reach of the LHC in the SUSY mass plane for the CMSSM (left) and NMSSM (right)
The absence of a model independent way of predictions and analysis makes it difficult to put strict limits on the low energy supersymmetry. However, there is a crucial moment now: either we find SUSY at the LHC eventually or we might have no other chance. Then we have to solve the hierarchy problem some other way! (which way?).
Extra Dimensions/ Exotics
The extra dimensional approach might be an alternative to low energy supersymmetry or might also include SUSY within the brane world framework. Usually, the two main versions of extra dimensions are considered: the compact extra dimensions a la KaluzaKlein picture (the ADD scenario [41] ) or the large extra dimensions (the Randall-Sandrum scenarios [9] ). Schematically, they are shown in Fig.22 [42] .
These kinds of models demonstrate a significant departure from the Standard Model since they not only contain the new fields and interactions but the whole framework of renormalizable quantum field theory is left behind. Apparently, this approach requires a new technique which is still to be developed. I would present my view on the extra dimensional brane world scenario in the form of a dialogue.
Q: Do we really live on a brane? A: We have to check it. Q: Do we have good reasons to believe in it? A: No, but it is appealing. Besides extra dimension there are a lot of exotic possibilities. None of them have been found so far, though one cannot a priori say what is realized in Nature. Some common topics are listed below: Leptoquarks, long-lived particles, off-pointing photons, excited fermions, contact interactions, etc. The drawback of all these approaches is the lack of real motivation and hence the arbitrariness of the scale of new physics.
Compositeness
Compositeness is in a sense a natural continuation of the chain of particle physics starting from an atom and going down to quarks. The question is: moving to higher energies or smaller distances do we have to stay with the same fundamental particles or the new level appears. Answering this question we first of all look at the Higgs boson as an obvious analogy with the π-meson as a pseudo Nambu-Goldstone boson of the chiral symmetry. One has in mind the construction when some global symmetry group G is broken down to the symmetry group of the Standard Model H (see Fig.23 ) [43] .
As a result, the Higgs boson becomes the pseudo Nambu-Goldstone particle like the π-meson, and the W and Z bosons have an analogy with the vector ρ-meson. There should also be exited states like π , π , ρ , ρ , etc. of the strong dynamics [27] [28] [29] [30] [31] [32] , see also [33] . Consider for example the general case in which the strongly interacting sector has a global symmetry G dynamically broken to H 1 at the scale f (the analog of the pion decay constant f ⇡ ), and the subgroup H 0 ⇢ G is gauged by external vector bosons, see Fig. 5 . The global symmetry breaking G ! H 1 implies n = dim(G) dim(H 1 ) Goldstone bosons, n 0 = dim(H 0 ) dim(H) of which are eaten to give mass to as many vector bosons, so that H = H 1 \ H 0 is the unbroken gauge group, see Fig. 6 . The remaining n n 0 are pseudo Nambu-Goldstone bosons. In this picture the SM fields, both gauge bosons and fermions, are assumed to be external to the strong sector, and in this sense we will refer to them as 'elementary', as opposed to the composite nature of the resonances of the strong dynamics. The SM gauge fields, in particular, are among the vector bosons associated to gauge group H 0 . For simplicity, in the following we will identify H 0 with the SM electroweak group,
Y , so that the SM vectors are the only elementary gauge fields coupled to the strong sector.
In order to have a composite pNG Higgs boson one has to require two conditions:
1. The SM electroweak group G SM must be embeddable in the unbroken subgroup
G/H 1 contains at least one SU(2) L doublet, to be identified with the Higgs doublet.
If the above two conditions are realized, at tree level G SM is unbroken and the Higgs doublet is one of the pNG bosons living on the coset G/H 1 . Its potential vanishes at tree level as a consequence of the non-linear Goldstone symmetry acting on it. On the other hand, the global symmetry G is explicitly broken by the couplings of the SM fields to the strong sector, as they will be invariant under G SM but not in general under of the strong dynamics [27] [28] [29] [30] [31] [32] , see also [33] . Consider for in which the strongly interacting sector has a global symmet to H 1 at the scale f (the analog of the pion decay constan H 0 ⇢ G is gauged by external vector bosons, see Fig. 5 . The g G ! H 1 implies n = dim(G) dim(H 1 ) Goldstone bosons, n which are eaten to give mass to as many vector bosons, so unbroken gauge group, see Fig. 6 . The remaining n n 0 are p bosons. In this picture the SM fields, both gauge bosons and be external to the strong sector, and in this sense we will refe as opposed to the composite nature of the resonances of th SM gauge fields, in particular, are among the vector bosons a H 0 . For simplicity, in the following we will identify H 0 with t
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H is a gauged subgroup of G ! which contains at least the SM gauge group: of the strong dynamics [27] [28] [29] [30] [31] [32] , see also [33] . Consider for example the general case in which the strongly interacting sector has a global symmetry G dynamically broken to H 1 at the scale f (the analog of the pion decay constant f ⇡ ), and the subgroup H 0 ⇢ G is gauged by external vector bosons, see Fig. 5 . The global symmetry breaking G ! H 1 implies n = dim(G) dim(H 1 ) Goldstone bosons, n 0 = dim(H 0 ) dim(H) of which are eaten to give mass to as many vector bosons, so that H = H 1 \ H 0 is the unbroken gauge group, see Fig. 6 . The remaining n n 0 are pseudo Nambu-Goldstone bosons. In this picture the SM fields, both gauge bosons and fermions, are assumed to be external to the strong sector, and in this sense we will refer to them as 'elementary', as opposed to the composite nature of the resonances of the strong dynamics. The SM gauge fields, in particular, are among the vector bosons associated to gauge group H 0 . For simplicity, in the following we will identify H 0 with the SM electroweak group, If the above two conditions are realized, at tree level G SM is unbroken and the Higgs doublet is one of the pNG bosons living on the coset G/H 1 . Its potential vanishes at tree level as a consequence of the non-linear Goldstone symmetry acting on it. On the other hand, the global symmetry G is explicitly broken by the couplings of the SM fields to the strong sector, as they will be invariant under G SM but not in general under 19 n = dim(G) -dim(H ) 1 Goldstone bosons of those n = dim(H ) -dim(H) < n 0 0 are eaten to give masses to n vector bosons 0 G. Loops of SM fermions and gauge bosons thus generate a Higgs potential, which in turn can break the electroweak symmetry. In this context the electroweak scale v is dynamically determined and can be smaller than the sigma-model scale f , di↵erently from Technicolor theories where no separation of scale exists. The ratio ⇠ = (v/f ) 2 is determined by the orientation of G SM with respect to H in the true vacuum (degree of misalignment), and sets the size of the parametric suppression in all corrections to the precision observables. By naive dimensional analysis, indeed, the mass scale of the resonances of the strong sector is m ⇢ ⇠ g ⇢ f , with 1 . g ⇢ . 4⇡. The Higgs instead gets a much lighter mass at one-loop, m h ⇠ g SM v where g SM . 1 is a generic SM coupling. The limit f ! 1 (⇠ ! 0) with fixed v is thus a decoupling limit where the Higgs stays light and all the other resonances become infinitely heavy.
Let us explain in detail all the above points by considering an explicit example. 
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[Contino '10] Composite Higgs bosons Global symmetry G broken to H of the SM Figure 23 : Breaking of the global group G down to the SM subgroup H
The advantage of this approach is that there is no artificial scalar field, everything is dictated by the symmetry group. The masses of these states are protected from high energy physics contribution, thus eliminating the hierarchy problem.
One can go even further and consider quarks and leptons also as composite states made of some preons [44] . This would require new strong confining interactions. In earlier days, these types of models were referred to as technicolor, or walking technicolor, or extended technicolor. They have their own problems and got new development now [45] . The drawback of these models is the absence of excited states so far, the problems with the EW phenomenology and the absence of a viable simple scheme. Still this approach has the right to exist.
Concluding remarks
The LHC experiments are at the front line of a mystery land. We make the first attempts to look beyond the horizon. We have to be persistent and have to be patient. In attempts to achieve these goals one should have in mind that
• The future development of HEP crucially depends on the LHC outcome;
• Complimentary searches for dark matter and insights in neutrino physics are of extreme importance;
• The areas that were left behind come to the front: confinement, exotic hadrons, dense hadron matter.
I bet that discoveries will come!
